Abstract. In this work, we investigate the role of emission by dust at infrared wavelengths in the absorption of gamma radiation from distant extragalactic sources, especially blazars. We use an existing EBL model based on direct starlight emission at UV/visible and secondary radiation due to dust (PAHs (polycyclic aromatic hydrocarbons), small and large grains) at IR due to partial absorption of the stellar component. The relative contribution of each grain type to the total EBL energy density was determined from a combined fit to the Markarian 501 (z ∼ 0.034) SED in flare state, where both the parameters of the intrinsic source spectrum (with or without curvature) and the dust fractions were allowed to vary. By separating the attenuation due to each EBL component, the importance of individual grain types to the opacity of the extragalactic medium for the TeV emission of a blazar like Markarian 501 could be better understood. Using a nested log-likelihood ratio test, we compared null hypotheses represented by effective 1-and 2-grain models against a 3-grain alternative scenario. When the temperatures of the grains are fixed a priori, the 1-grain scenario with only PAHs can be excluded at more than 5σ (p = 2.9 × 10 −8 ), irrespective of the curvature in the intrinsic spectrum. The effective 3-grain EBL model with the tuned fractions was finally used to fit the SEDs of a sample of extragalactic gammaray sources (dominated by blazars). Such a sample is still dominated by starlight attenuation, therefore, no statistically significant improvement in the quality of fits was observed when the tuned fractions are used to account for the EBL attenuation and the intrinsic spectrum parameters were allowed to vary during the fit. The potential of this kind of analysis when the next generation of IACTs, represented by the Cherenkov Telescope Array (CTA), starts observations is enormous. The newly discovered AGNs at a broad range of redshifts should break many of the degeneracies currently observed.
Introduction
The spectral energy distribution (SED) of gamma-ray sources is a valuable piece of information in order to understand the details of their different non-thermal emission processes. Given our current understanding of the quantum nature of matter and radiation, we do expect that part of the high energy photons emitted by extragalactic sources should be absorbed due to the interaction with low energy radiation fields, such as those contributing to the Cosmic Microwave Background (CMB) and the Extragalactic Background Light (EBL). In the standard cosmological model, being a relic of the Big Bang, the former was created with a blackbody spectrum. Precise measurements of the CMB temperature across the sky have allowed us to build a consistent picture of the energy content of the universe, including evidences of the presence of dark matter and dark energy (if one assumes that General Relativity holds true also at cosmological scales). Far more complicated, however, are the spectral features of the latter. The two main contributions to the EBL radiation field are direct star light (therefore, expected to peak at UV/visible wavelengths in comoving coordinates) and dust re-emission when grains are heated by part of the stellar emission, reaching, in turn, maximal spectral intensity at IR wavelengths. Accordingly, this radiation field is believed to have started being emitted at the end of the Dark Ages, when the first gravitationally bounded and nuclear fusion powered objects are formed and have since evolved tightly bound to the star formation rate and the cosmological expansion. It is clear, therefore, that understanding such a radiation is essential to have a full picture of the universe evolution in a regime which is very different from the linear perturbations employed in the CMB case. In addition to that, low energy radiation fields dictate the opacity level of the extragalactic medium to high energy radiation. At TeV energies, e + /e − pair production is expected to reduce the mean free path of gamma-rays from extragalactic sources down to a few hundreds of Mpc [1, 2] , and even though current estimates of the EBL photon number density, especially at mid-IR, are uncertain, they usually point to bolometric intensities between 50 to 70 nW m −2 sr −1 (i.e., about 5% of the CMB intensity) and non-negligible attenuation effects. However, direct measurements of the EBL are hard to perform. They do require instruments with absolute calibration, so the sky brightness can be measured against a well established reference. Moreover, the careful subtraction of foregrounds like dust particle emission and other galactic components is required, as well as corrections of atmospheric effects like the zodiacal light [3] . Constraints on the EBL intensity is also obtained from the integrated galaxy-counts, which uses deep field data from spaceand ground-based facilities. This method has shown good agreement when compared with direct measurements of the Cosmic Infrared Background (CIB), howerer substantial discrepancies at the Cosmic Optical Background (COB) wavelenghts are present between these two methods, with the integrated galaxy-counts presenting lower intensities at these energies [4] .
The operation of arrays of air imaging Cherenkov telescopes (IACTs), with their large effective collection areas (especially at stereoscopic configurations) and enhanced sensitivity across a broad energy range, has open up the possibility of disantangling intrinsic spectral features of powerful extragalactic sources from the EBL attenuation effects in the GeV-TeV energy range, by means of precise measurements of the SED of gamma-ray sources at different redshifts. The Cherenkov Telescope Array (CTA) [5] , in turn, represents the new generation of IACTs for gamma-ray astronomy and it is expected to bring both qualitative and quantitative changes to this scenario with its factor 10 improvement in sensitivity, fine angular and energy resolutions, allowing for more precise spectrum measurements and the discovery a whole new population of TeV blazars at high redshifts. Hence, many recent works are based on the extraction of information on the EBL by combining the measured attenuated spectra provided by IACTs or on-orbit satellites with some data-driven modeling of the EBL spectrum. A few different approaches can be found in the literature, to know, procedures where i) direct galaxy observations in the form of their luminosity functions are employed [6] [7] [8] ; ii) information on the cosmic star formation rate is used [9] [10] [11] . We focus on the last procedure and make use of the simplifying yet powerful assumption that the EBL spectral energy density can be modeled as the sum of four contributions (one stellar and three from dust), all having a Planck spectrum [12] . Here we focus on the role of dust in the attenuation of the spectra of AGNs. In particular, the mid-IR emission (at comoving coordinates) is usually believed to contribute significantly to the opacity of the extragalactic medium to gamma-rays with energies up to around 10 TeV. In this paper, we do quantify more precisely this point by studying the case of Markarian 501 (Mkn 501).
The outline of paper is the following: in section 2, we briefly review the main assumptions behind the construction of an EBL model with blackbody spectra for both the stellar and dust constributions; the role of dust in the attenuation of the flux of an extragalactic source like Mkn 501 is studied in section 3; in this section, the SED of Mkn 501 during the flare of 1997 [13] is used in order to perform a combined fit of the intrinsic spectrum, as well as the relative contributions of different dust grains to the EBL; A nested likelihood ratio test is also performed to assess the importance of different grain sizes; in section 4, the dust fractions coming out of this combined fit are then used to feed an effective EBL model which, in turn, is employed to fit the intrinsic spectra of an extended sample of extragalactic TeV-emitters. Global properties of the fit are then analysed. Conclusions are finally presented in section 5.
Modeling the EBL spectrum
Having stars and cosmic dust in the interstellar medium (ISM) as its main contributing sources, the EBL spectrum shows nowadays a maximum intensity in the wavelength range 0.1 µm -1000 µm. In [12] , the authors have indeed modeled the EBL spectral density as the sum of these two main components ‡. Each star is assumed to have a metalicity similar to the sun and to emit as a blackbody, whose effective temperature depends on its luminosity and radius, the evolution of which is followed through the H-R diagram using an approach described in [14] , where suitable parameterizations are found in order to describe the main stages of stellar evolution: the main sequence, the Hertzsprung gap and the giant branch. The applicability of the blackbody assumption is tested by comparing the spectra of simple stellar populations (SSPs) of stars of different ages § with high resolution ones from detailed stellar structure codes [16] . In the wavelength range of interest for EBL studies ( 1µm), there is a good agreement between these two types of SSPs.
Therefore, the stellar emissivity (i.e., the luminosity per unit comoving volume in W Mpc −3 ) is given by
where = hν/m e c 2 is the dimensionless energy of a photon of frequency ν, f esc ( ) is the function which describes the fraction of radiation that is able to escape from the environment of the star (i.e., without being absorbed by gas or dust), ξ(m) is the normalized Salpeter IMF, ψ c (z) is the comoving star formation rate in units of M yr
Mpc
−3 ,Ṅ ( ; m, t) is the number of emitted photons per unit energy per unit time for a single star and t(z, z 1 ) its age at redshift z after birth at redshift z 1 . The cosmological evolution is governed by dt/dz, which for a ΛCDM model in a flat universe (zero spatial curvature) is given by
where H 0 = 70 km −1 s −1 Mpc −1 is the Hubble constant and Ω r , Ω m and Ω Λ are the dimensionless density parameters of radiation, non-relativistic matter and dark energy, respectively. For the redshifts of interest in EBL studies, one can safely ignore the contribution from radiation (Ω r 0). We should take also Ω m = 0.3 and Ω Λ = 0.7.
The stellar emission is dominant between UV and near-IR, but part of these photons is absorbed by gas and dust. The function f esc ( ) previously introduced allows us to get the direct starlight absorbed fraction. In [12] , it is assumed that all radiation with energy above 13.6 eV is completely absorbed by interstellar and intergalactic HI gas. Below this cutoff, a fraction of the photons is absorbed by ISM dust, whose grains are heated up and finally reemited at longer wavelengths (IR). Similar to the stellar contribution, a Planck spectral distribution is also assumed for dust, but now with three different temperatures associated to different grain types: small hot grains, large warm grains ‡ Since we will be interested in gamma-rays with energies E < 20 TeV, the CMB attenuation can be ignored. For a source at z = 0.034, its contribution to the optical depth is less than 6.1 × 10 −18 . § The authors also assume a Salpeter [15] initial mass function (IMF). The applicability of the blackbody spectrum assumption for dust is difficult to assess. Unlike the stellar case, the physics of dust absorption and emission is hard to model. From the observational point of view, PAHs have been detected and characterized for decades by astronomers, showing a complex emission and absorption spectra at mid-IR due to their many vibrational and rotational normal modes [17] . With the stellar and dust emissivities from Eq. 1 and 3, it is straightforward to get the EBL energy density u at a certain redshift z, for this function should satisfy a Boltzmann equation with a diluting term due to the expansion of the universe and an injection term proportional to the total emissivity (star+dust) [19] . In comoving coordinates, one can write
where = (1 + z 1 ) is the photon energy at redshift z 1 , j c is the emissivity of the sources in comoving coordinates. Five combinations of IMF and SFR were considered in [12] , the details of which can be found in [20] . The combination showing the best agreement with data of UV/optical emissivities is chosen by the authors and was also the one we have selected in this work. In order to get a good agreement with their EBL energy density, some changes in the values of the fractions had to be made, by increasing in 10% the contribution of large grains with respect to the nominal value of [12] and a corresponding decrease in the fraction of PAHs (table 1 summarizes the values used in this paper). The final EBL comoving energy density as a function of wavelength can be seen in figure 1 , where the contribution of each component is also shown separately. One can see the dominance of PAHs at mid-IR (∼ 10 µm). EBL energy density in comoving coordinates as measured by an observer at redshift z = 0. In addition to the total (black) density, individual contributions are also shown: stellar (long-dashed red), small hot grains (dotted blue), large warm grains (dot-dashed blue) and PAHs (dashed red). Green and yellow points corresponding to lower and upper limits, respectively, and were obtained from [18] .
Dust emission and the spectrum of Markarian 501
Extragalactic gamma-ray sources in the GeV-TeV energy range present in the current available catalogs have direct star light as the main source of EBL attenuation. However, IACTs with good sensitivity around 1 TeV have also been measuring photon fluxes from a few sources in a redshift range where the dust component can play an important role in the attenuation process. We show that an example of this kind of source is Mkn 501. An exceptional flare of this AGN was detected in 1997 by HEGRA [13] and its SED characterized in [21] . Figure 2 shows the spectrum of Mkn 501 superimposed to the attenuation factor from the extragalactic medium, as predicted by the EBL model of Finke et al., for a source at the location of Mkn 501 (z ∼ 0.034).
One can see for this particular source that, as the contribution from direct starlight to the opacity of the extragalactic medium decreases slowly and steadily for energies above ∼ 1 TeV, the dust contribution increases monotonically up to ∼ 20 TeV. Moreover, for energies 10 E 20 TeV, the optical depth is dominated, in the Finke et al. model, by the PAH component with the contribution from large and small grains rising fast above 10 TeV.
For the EBL model adopted in this paper, once the IMF and SFR are defined, the stellar contribution do not have any extra free parameters. On the other hand, for the dust component, in addition to an assumption on the escape probability (f esc ) of starlight, the relative contributions of different grain sizes (f n ) and their temperatures Θ n also need to be determined. In [12] , in particular, the authors assume redshift- independent f esc , f n and Θ n , choosing the last two variables so as to fit IR luminosity data at low redshifts (z = 0 and z = 0.1) from several observations [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . The escape fraction is taken from [41] as a piecewise power-law at several wavelength ranges. Here, we should keep the same escape fraction function, as well as the temperatures of the three different grains. The relative grain contributions, however, will be determined using a fit to the SED of Mkn 501 in flare state in order to study the potential of this kind of observation to constrain both source intrinsic spectrum and EBL parameters.
The solution to the radiative transfer equation for the opaque medium leads to the usual relationship between emitted (intrinsic) and detected (observed) fluxes Φ 0 (E) and Φ(E), respectively:
where τ star (z) and τ dust (z, {f n }) are the optical depths due to starlight and dust, respectively. The intrinsic spectrum will be modeled, generically, by a set of parameters {α i }. Here, we adopt three kinds of intrinsic spectra, to know, a single power-law, a log-parabola and a power-law with an exponential cutoff , so we can write explicitly
(power-law with exponential cutoff)
This function has an energy dependent curvature and it will be used in some parts of the analysis as an extreme case, in which most of the flux drop at high energies can be included already at the intrinsic source spectrum. The core of the analysis will be performed using the power-law and log-parabola spectra. Figure 3 . Top-left: best-fit for the spectrum of Mkn 501 for a power-law intrinsic spectrum and varying the dust fractions of the EBL model. Top-right: χ 2 contours in the 2D space of dust parameters f PAH × f SG at confidence levels of 68%, 95% and 99%. Bottom-left: best-fit for the spectrum of Mkn 501 for a log-parabola intrinsic spectrum and varying the dust fractions of the EBL model. Bottom-right: χ 2 contours in the 2D space of dust parameters f PAH × f SG at confidence levels of 68%, 95% and 99%.
where E 0 = 1.0 TeV is the reference energy (notice that E 0 is not fitted, but rather fixed to minimize the correlations between the free parameters), N 0 is a flux normalization factor, Γ is the spectral index of the power-law, a and b are, respectively, the spectral index and curvature for the log-parabola and E cut is the exponential energy cutoff. Imposing the normalization condition for the relative grain fractions ( of curvature in the power-law intrinsic spectrum leads to larger contributions of PAH and small grains compared to the log-parabola model. Another point we would like to call the attention of the reader for is the somehow inverted hierarchy of contributions between small and large dust grains coming out of the fit. It is generally believed that small hot grains should amount to a fraction of 10%, at most, of the dust grains in the interstellar medium [17] . For the best fits of figure 3 , we have separated the attenuation effects of each EBL component. The plots in figure 3 also show the convolution of the best-fit intrinsic spectrum with the attenuation factors of each EBL component, as well as the total attenuation. We see that the different energy dependences of the attenuation due to small and large grains, leads the fit to prefer large values of small grain fractions in order to fit the very end of the SED. Notice also the importance of PAH in giving the attenuated spectrum of Mkn 501 the correct index in the region just below 10 TeV. In order to better understand the importance of individual grains in shaping the SED of Mkn 501, we also performed the combined EBL-SED fit for effective 1-and 2-grain models. Figures 4 and 5 show the fit results for the 2-grain cases, using again power-law and log-parabola intrinsic spectra. Tables 2 (power-law), 3 (log-paraabola) and 4 (power-law with exponential cutoff) show additional information on the fits. One can see that when the intrinsic spectrum lacks curvature, the fit prefers to rely on small grains to model the spectrum shape at high energies. In the absence of this kind of dust (case PAH+large), the fit is the worse among all three effective 2-grain models. Caution should be exercised again when interpreting these results, because even though the relative contributions of the grains are varying, their temperatures are still fixed to the values of the nominal model, and figure 1 shows that the grain temperature is a key parameter in shaping the EBL spectrum. We also see that curvature is able to compensate a big part of the dust attenuation, keeping the fit at reasonable quality. The contour plots show that the absence of either small or large grains introduce a strong correlation between the fractions of the remaining two grains. Notice that single grain models, with the temperatures given in table 1, do not provide good fits. Table 2 . Summary of EBL+spectrum combined fits for a power-law intrinsic spectrum and the observed SED of Mkn 501. Fractions without uncertainties were either kept fixed during the fit or obtained from fitted fractions by the normalization condition.
Finally, we perform a hypothesis test by comparing the 1-and 2-grain scenarios (the null hypotheses H 0 ) against the 3-grain one (the alternative H 1 ), using a nested log-likelihood ratio. The test statistic will be −2 ln(L 0 /L 1 ) = ∆χ 2 . According to Small Grains Figure 5 . Fit results for an effective 2-grain model and an intrinsic log-parabola spectrum for Mkn 501. Left: Best fit curves superimposed to measurements. The convolution of the intrinsic spectrum with the attenuation factors of individual grains is shown, as well as the total attenuation. Right: Confidence level curves at 68%, 95% and 99% in a 2D parameter space of the log-parabola spectral index a versus grain fraction (a × f n ).
Wilks' theorem [42] , in the limit of a large data sample, the asymptotic pdf of this statistic (when H 0 holds true) should be a χ 2 k distribution with a number of degrees of freedom k equal to the difference in dimensionally of the corresponding parameter spaces. Therefore, k = 1 (H 0 = "two grains") or k = 2 (H 0 = "single grain"), for the Table 3 . Summary of EBL+spectrum combined fit for a log-parabola intrinsic spectrum and the observed SED of Mkn 501. Fractions without uncertainties were either kept fixed during the fit or obtained from fitted fractions by the normalization condition.
power-law with exponential cutoff Table 4 . Summary of EBL+spectrum combined fit for a power law with an exponential cutoff intrinsic spectrum and the observed SED of Mkn 501. Fractions without uncertainties were either kept fixed during the fit or obtained from fitted fractions by the normalization condition.
tests performed here. Figures 6 and 7 show the distributions of ∆χ 2 for the power-law and log-parabola intrinsic spectra, using as null hypotheses the 1-and 2-grain best fits of tables 2 and 3. The expected asymptotic pdf of ∆χ 2 is also superimposed and shows that for the size of Mkn 501 flare state SED, it is already an excellent approximation to the exact pdf. The p-values of table 5 were, therefore, calculated using the asymptotic formula. We see that the single grain scenario represented by PAHs can be excluded at more than 5σ (p = 2.9 × 10 −8 ), regardless of the intrinsic spectrum used. It is clear from the 2-grain fits of figures 4 and 5 that a PAH-only attenuation is unable to account for the strong flux drop of Mkn 501 SED above 10 TeV.
We would like to mention that the bolometric intensities associated to the best- Table 5 . Summary of the nested likelihood ratio test for 2-grain and 1-grain models with power-law, log-parabola and power-law with an exponential cutoff intrinsic spectra. The 3-grains model was used as alternative hypothesis.
fits of tables 2, 3 and 4 are around I bol = 48.0 nW m −2 sr −1 , with variations in the first digit, since the stellar component is fixed and the broad range of redshifts over which the integration is performed dilute the temperature dependence of I bol . For comparison, Finke et al. has I bol = 46.8 nW m −2 sr −1 . Therefore, the best-fits found here correspond to conservative estimates of the EBL contribution, since the bolometric intensities mentioned are very close the direct galaxy counts lower bounds (see figure  1) . 
Global fit properties for an extended sample of gamma-ray sources
In this section, we describe a statistical test performed to compare two EBL scenarios: the model by Finke et al. with its nominal dust fractions and the same star+dust model with dust fractions tuned using Mkn 501 measured SED presented in the last section. We started by pre-selecting a sample of extragalactic gamma-ray sources from the TeVCat catalog [43] . From this initial sample, we were able to collect in the literature 78 spectra of 41 different sources, all of them observed by IACTs. Tables  6 and 7 summarize important information on the spectra used. The observations listed in this table were made at energies where current EBL models indicate non-negligible attenuation effects. This can be better appreciated when the lowest and highest energy bins of each observation are superimposed to the optical depth map of Finke et. al model in the 2D-parameter space E γ × z, as shown in figure 8 . One can see for a large number of observations, the highest energy bin lying above the curve corresponding to optical depth τ = 1, the so called cosmic gamma-ray horizon (CGRH) [44] .
With this sample of 78 SEDs, we have studied the distribution of residuals obtained when the measured spectrum (Φ i ) at energy bin i is compared to the prediction from different EBL models (Φ(E)), taking into account the uncertainties (σ i ): Table 6 . Gamma-ray sources selected from TeVCat [43] .
which, defined in this way, is expected to follow a normal distribution with zero mean and unit variance when the errors σ i are Gaussian and the model Φ(E) appropriately describes the measurements Φ i . Figure 9 shows the distributions of the residuals (one entry for each energy bin of the 78 independent SED observations) for several cases: different EBL scenarios and intrinsic spectrum parameterizations. One can see a clear improvement in the description of the measurements when a log-parabola is used as Table 7 . Continuation of Table 7 . source spectrum due, of course, to the extra parameter present in this parameterization and which can even absorb part of the attenuation effects that could be present in the SED. This improvement can be seen both in the reduction of differential flux outliers for the case of nominal dust fractions (top-left of figure 9 ), as well as in the more Gaussian behavior of the distribution when the Mkn 501-tuned fractions are compared to the nominal ones (top-right as compared to the bottom-left plot of figure 9 ). However, by fixing the intrinsic spectrum at log-parabola, one cannot see any statistical significant improvement in terms of the flux residual distribution by going from the nominal fractions to the Mkn 501-tuned ones (bottom-left of figure 9 ). In order to disentangle, at least partially, intrinsic spectrum effects from the EBL attenuation ones, we finally performed two additional tests. Firstly, a comparison was made based on the approach adopted in [18] , where the fit residuals for the nominal and Mkn 501-tuned fractions were calculated for each source using the intrinsic spectrum that lead to the best fit quality. In almost all the cases, this was the log-parabola model. The result is shown at the botton-right plot of figure 9 and again, no statistically significant improvement can be seen at this point. In the second test, we have subdivided the blazar sample using an attenuation estimator to produce stellar-and dust-dominated SED bins. The distribution of the estimator, taken as the predicted ratio ¶ of optical ¶ We used the nominal dust fractions of Finke depths for a source at the same redshift z of the blazar emitting photons of energy equal to the corresponding central value of the energy bin
is shown in figure 10 for the sample of 39 blazars + . The plot clearly shows that the does not change the classification. + Two of the blazars in the input sample (CenA and M87) are too close that their optical depths due current sample of blazars detected by IACTs is dominated by star attenuation. When the maximum energy of the measured SED is used, this estimator shows that Mkn 501 is the source with highest expected dust attenuation level in the sample. We have chosen log-parabola as the intrisic spectra and the corresponding residual distributions for the two sub-samples are shown in figure 11 . Remember that the fits now are only tuning the parameters of the intrinsic spectra. Again, one cannot see a statistically significant difference in terms of the quality of fits between the star attenuation dominated bins (r > 0.8) and the complementary sample (r ≤ 0.8).
Conclusions
We have addressed here the issue of the contribution of dust emission at IR wavelengths to the opacity of the extragalactic medium. Using an existing EBL model based on the blackbody emission of stars and dust grains of different sizes and temperatures, we have been able to study separately the contribution of each grain type to the attenuation of TeV gamma-rays. With a single TeV source at redshift z = 0.034, Mkn 501, we showed that its measured SED has already some sensitivity to the relative contributions of different dust grains. The fit was performed for two different intrinsic spectrum parameterizations while the temperatures of the grains were kept fixed during all the fit procedure. For this single source fit, some residual degeneracy is still present between the amount of some grains (small and large) and the curvature of the intrinsic spectrum. More specifically, the competition between small and large grains at the very end of Mkn 501 SED is won by the small ones due to their slightly harder attenuation factor, but the flux suppression due to this component can be mimicked by some extra curvature of the blazar spectrum. A nested likelihood ratio test was able to exclude the PAH-only scenario at more than 5σ, for the attenuation of this dust component has an effective energy dependency in the form of a single spectral index over a broad energy range, therefore, being unable to account for the strong flux suppression of Mkn 501 flare state SED seen above 10 TeV, even when there is an energy cutoff in the source spectrum. On the other hand, in the region just below 10 TeV, the presence of PAH molecules is essential for the attenuated spectrum to have an index consistent with the measured SED. Therefore, by separating the attenuation due to each EBL component, we can clearly see the potential of a precisely measured SED to constrain both the spectrum and EBL parameters.
The extension of this procedure from the single source level to a sample of AGNs at different redshifts has the potential to put much stronger constraints on the same parameters, since the mentioned degeneracies must be broken in that case. A first step towards that goal was given here by checking the consistency of the EBL parameters tuned to Mkn 501 in describing the attenuated spectra of a set of 78 SEDs from 41 different blazars selected from TeVCat. By breaking the sample of blazar SED bins into to starlight are negligible. stellar and dust attenuation dominated sub-samples, we could not identify a statistically significant improvement due to the extra tuning of dust fractions. This result is consistent with the fact that the current sample of blazars detected with IACTs is still dominated by starlight attenuation as shown by an apropriate estimator.
The next generation of IACTs, represented by CTA, is expected to discover a whole new sample of extragalactic AGNs at high redshifts due to its ∼10 factor enhancement in sensitivity. Its extended energy range, covering almost four decades from below 100 GeV to 100 TeV, will provide SEDs where the attenuation effects of all EBL components are expected to play some role: from the stellar one at visible and UV wavelengths (affecting the tens to hundreds of GeV region of the AGN spectrum) to the mid-IR and PAH-dominated range (attenuating the ∼ TeV region of the spectrum) to the far-IR region of small and large grains (important for the attenuation at very high energy tail of the spectrum around tens of TeV).
